CONTAINER AND METHOD FOR CONTAINING AND/OR $¥JF’PRES$IN$ A
FIRE

DESCRIPTION OF THE INVENTION

. Relaied Application
{001]  This application dlaims the benafit of priorty of U.8. Provisional

Application No. 60/664,040, filed on March 23, 2005, the disciosure of which is

incompoerated herein by refersnce.

il of the invarntion

[002} The present invention relates 1o containers and methods for
suppressing andlor vortaining a fire. In particular, the pmseﬁt invention relates to
- containers and meﬁ'sods for containing andior suppressmg a fire pesociatad with -

objests losatacf in the container.

' 8ackamund of the Enverﬁmn

-J003] Dbjects may be siored andior b-anspurted it containers, "fcxr
example, {o organize or zmpmva the sase of handiing 'the objects. For examp%e,
' tresght may be placed in containers for storage andlor later shipment via airoraft,
trucks, hoats, and/or trains. In the air freight industry, for axample, freight may be
fransporied in the beliies of passenger aircraft or in both the bellies and on main
tiecks of freighter aircraft, Containers, generically refemed to es Ukt Load
Devices (UL.Ds), may be used o contain freight for air transport. Over time, ULDs
having differing sizes and shapes have been standardized and developed, both
for belly and main deck appiicaﬁdn for use in various airméft. Desoriptions and

specifications for UlL.Ds may be found in docurmnents, such as, for example, the
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Nafional Asrospace Standand (NAS) 381{) and the intemational Air Transport
Associafion (IATA) ULD Technical Manual.

f004] Examples of freight placed in containers may include objects such
as cardboards, woods, fabrics, packing materials, pa;per, and other carbon based
materials, which are defined as Class A materials by the Federal Aviation
Adminiétraﬁan (FAA). Since such containers may be transported via aircraft and
may. be ivaded into the belly or onto the miain deck of an aircraft cabin, a flight
" orew of the gircraft may not bave access o the containers, for exampls, onos the
airoraft is fully loaded and ready for fiight. As a resulf, ¥ a fire were fo occurin a
container located in the arorait cabin, the fiight crew might not have access io the
container éxperiencinﬁ thé fire, thersby breveéﬁng them from aﬁempﬁng o control
or exiinguish the fire with & hanc-heid fire Eﬁnguisﬁar. |

- {005] Buch & fire may present senous Tisks, in péﬁicufan if the aircraft is
‘ aitborne and a great distancé from an airport sultable for making 8n emergency
landing, such as,‘for exampie, when an aircraft is traveling over a large body of
: wétaf. Such a fire may result in the iasé of ihe fiight crew and/or passengers and
the airoraft. | A _

[008] Tests conducted by the FAA and ‘t’ﬁs aviation indusiry have
determined that a cargo fire associated with Class A materials, once igniied, may
smoider and burmn siowly in a container {(&.g., & ULD) for an exfended period of
tirne, for exampile, as iong as thirty minuies or more. But once the average
temperature of the ULD reaches 200 tdegrees Fahrenheit (F), & fire normally
accelerates rapidly, often reaching 1,000 degress ¥ in less than sixty seconds.

Thereatier, temperatures resuling in burn-through or faliure of the container walls



and/or f;eiiing are frequently reached, and the conflagration may Quiokiy spread fo
adjacert ULDs, possibly ignfiing them, as well. —

[007] Furthermore, some FAA-approved containers include Lexan® walls,
which may pose a pariicularly serious probiem. in parficular, at very high
emperatures, Lexan® will sofien 'and may ouigas, causing a fisshover fire, which
may greatly add o the spread of the fire.  Alroraft container bases, on the other
hiand, are relatively thick for structural reasons, and burn-through of containar
béses is not considered likely. In addifion, aircraft container bases may be formed
from aluminum, which transfers hest well, and the aircraft containers are
sometimes located on & conveyor systarn, induding roliers or ball transfer units,
which permits & cooling fiow of air undernsath the containers that may serve o
carry heat away from the containers.

[008] Vasious aciive fire suppression schemes for belly and main deck
container z"nres have besn impﬁaménted in the air cargo industry. Water misfing '
and Haion® ﬁoocfing, for example, are two represantative amnﬁp!es of -

- conventional technologies used fo contain fires in airoraft cabins. Most, 1 not all,
active suppression schemes, however, require; the delivery o‘f a suppreése;mi agent
fo the container experiencing a fire. As a result, some such schemes are heavy

 and compiex, which are not typically desirable characteristics for an airoraft fire

suppression system. |
[009] As 2 result, there may be a desire o provide containers and
mathods for containing and/or suppressing a fire in 2 container, |
| [010] The invention may sesk o satisty the ahave«menﬁonéd desire.
Although the present invention may obviate the above-mentioned desirs, it should

be undersiood hat some aspects of the inverition might not necessarily obviate i,
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SUMMARY OF THE INVENTION

[011] in the following description, certain aspects and embodiments will become
evident. It should be understood that the invention, in its broadest sense, could be practicad
without having one or more features of these aspects and embodiments. It shouid be
understood that these aspects and embodiments are merely exemplary.

[012] In one aspect, as embodied and broadly described herein, the invention includes
a container for containing and/or suppressing a fire. The container may include a floor, a roof,
and at least one wall associating the floor and the roof. The at least one wall may define an
opening configured to provide access to the interior of the container. The container may
further inciude at least one panel configured to close the opening. At least one of the floor, the
roof, the at least one wall, and the at least one panel may inciude an intumescent material
substantially covering an interior surface thereof such that a fire inside the container is at least
one of contained within the container and suppressed.

[013] A further aspect may relate to a system of containers for suppressing and/or
containing a fire. The system may include a container including a floor, a roof, and at least one
wall associating the floor and the roof. The at least one wall may define an opening configured
to provide access to the interior of the container. The container may further include at least
one panel configured to close the opening. The system may further include at least one
relatively smaller container contained within the container. At least one of the container and
the at least one relatively smaller container may include an interior surface substantially
covered with an intumescent material, such that a fire inside the container with the interior
surface substantially covered with intumescent material ts at least one of contained within the

container and suppressed.



[014] Inanother aspect, a method for improving a container's fire containment and/or
fire suppression capability may include providing a layer of intumescent material on at least one
interior surface of the container, wherein the layer of intumescent material protects the
interior of the container from fire inside the container.

[015] Aside from the structural and procedural arrangements set forth above, the
invention could include a number of other arrangements such as those explained hereinafter. it
is to be understood that both the foregoing description and the following description are
exemplary only.

BRIEF DESCRIPTION OF THE DRAWINGS

[016] The accompanying drawings are incorporated in and constitute a part of this
specification. The drawings iliustrate exemplary embodiments and, together with the
description, serve to explain some principles of the invention. In the drawings,

10171 FIG. 1A is a schematic perspective view of an exemplary embodiment of a
container for containing and/or suppressing a fire;

[018] FIG. 1B is a schematic, partial cross-section view of a portion of the embodiment
of FIG. 1A;

[019] FIG. 2A is a schematic perspective view of another exemplary embodiment of a
container for containing and/or suppressing a fire,

[020] FIG. 2B is a schematic, partial cross-section view of a portion of the embodiment
of FIG. 2A; and

[021] FIG. 3 is a schematic perspective view of an exempiary embodiment including a

system of containers for containing and/or suppressing a fire.



j022] Reference will now be made in detail to & few exemplary
- embodiments of the inﬁenﬁun; Vherever possible, the same reference numbers -
are used in the drawings and the description to refer fo the same or fike parts,
[023] Fig. 1A schematically depicts an exemplary embodiment of a
cordainer 10 for cortaining andfor suppressing a fire. The container 10 may
" include a ficor 12 and a rool 14 associated with one another via walls 16. One or
more of the walls 16 may include one.ar mcwre' openings 186 configured to permit
acosss to the interior of the container 10. The container 10 may further include
one or more pansis 26 {e.g., door{s}) configured fo ciose the one or mores
~ openings 18, Th§ panel(s) 20 may be formed of metal anda‘pr tabric. According to
same'embodimen‘es, the panei(s) 20 may be hingedly secured o a poriion of the
container 10 andior may be configured o bé removed from the container 10. The
panel{s) 20 may include one or more- latches 22 configured io secure the panel(s)
20 in the openingls) 18. ,

[024] The walis 16 of the container 10 may be formed from & variety
andfor combination of materials. For exampie, one or more of the walls 18 may
include aluminum {e.g., 2 sheét of aiuménum} and/for various plastic or cémposite
materiate, such as, for example, Lexan®, fiberglass, Keviar®, polypropyiene,
ang/or honeycomb panels. The use of other matenials is contemplated. The fioor
12 may be formed of, for exampile, aluminum, éuoh as, for example, a relatively
thick (e.g., a thickness ranging from about 0.160 inch to about 0.190 inch) shest of
aireraft aluminum and/or of afuminum sheets sandwiching another material, such

as, Jor example, a honsycomb material, io provide siifiness and/or structural



strength. The panel(s) 20 of the container may be formed of metal and/or fabric
(e.g., a high temperature-resistant fabric such as, for example, fiberglass cloth), '

[025] The interior of the container 10 may include a layer (e.g., 2 coating)
of intumescent material. For example, interior surfaces of the floor 12, roof 14,
walls 18, and/or panal(s) 20 may include a coating of infumescent material that ¢
foast pariially covers the floor 12, reof 14, walls 16, and/or panei(s) 20. For
example, as depicted in Fig. 1B, the roof 14, the walls 16, and/or the panel(s) 20
may include a layer of aluminum or Lexan® 24, and the interior sutfaces of the
roof 44, the walls 16, and/or the panel{s) 20 may be cosfed with a laver of
intumescent material 26,

[028]  The inlumescent material 26 schematically depicted in Fig. 1B may
be suppiied in, for sxample, iiﬁ;uid form and may be appiied, for example, via
brush, rofier, and/or spray (e.g., like paint). According ‘i:o sorme embodiments, the
intumescent material 26 may include an acrylic chemistry andior an 'epuxy
chemistry (e.g., a latex, for example, a lafex materiak'. marketed‘ as PymBiok@ by‘
Bradford Industries, Inc.). The use of other intumescent materials known _to'a '
person having skill in the artis cortemnplated. |

[627] The infumescent material 26 may serve io at isast assist with
cﬁnfainment andfor suppression of a fire associated with objects in the container
10, For exampile, the infumescent material 26 may intumesce (or sWéil) when
. exposed 10 elevated temperatures and/or fire, and the intumescent material 28
may form a char layer, which includes a low coefficient of thermal conductivity,
thereby reducing heat transfer into the coated surface. According 1o some
embodiments of iniumescent matedal 26, the intumescent material 26 may also

form = thin refractory layer, which may serve o reflest heat back ioward its
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source. According o some embodiments, infumescing may begin, for example,
when the intumescent material 26 is heated to & temperature of approximately
400 degrees F.
[028] For atest conducted on an L.D-3 bally ULD-type container,
including walls and a celling having interior surfaces coated with an epoxy-type
- intumescent material ((.e., PyroBlok®), & fire was ignited in the center of the
comtainer and the temperaiures of the center of the container and the cortainer
“walls wers measured. The test showed that even when the center of the
container reached a temperaiure well in excess of 1,200 degrees F, the wall
Semperatires tﬁrpicalby meastred abat_,rt 230 degrees F, Tﬁe wall temperatures did
not ﬁse 10 454 deérees ¥, which is the auto-ignition temperature of paper.
Further, during the test, 2 section of Lexan® wall coated with fné intumescent
material was piaced in the container, and the Lexan® remained hard throughaut
the test despite the fire.

[629] Refering fo the exemplary embodiment of container 10
scherhaﬁea!ty depicted in Fig. 2A, the container 10 may include a floor 12 and a
roof 14 associated with one another via walls 16. One or more of ﬁne wallls 16
‘may iﬁclude an opening 18 éqnﬁgured o permit access o the intarior. of the
container 10. Thel container 10 may further include a panel 20 {e.g., a door)
cortfigured to close the opening 18. According o some embodiments, the
péme! 20 may be formed of fabric and may be configured 1o rol-up, for exampie,
simifarto a rcii-;up wingow shade. The panal 20 may include one or more iatctjges
22 configured fo secure the panel 20 in ‘a ciesed postiion within the opening 18.

~ [020] The walls 18 of the container 12 may be formed from a variety

and/or combination of materials. For example, one or more of the wails 16 may
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include aluminum (e.g., & shest of aiuminum) and/or various plastic or composite
materials such as, for example, Lexan®, fiberglass, Keviar®, polypropylene,
and/or honeycomb panels. The use of other materials is contemplated. The ﬂoo-r
12 may be formed of, for example, aluminum, such ag, for example, é relatively
thick {e.g., a thickness ranging from about 0.160 inch o about 0.180 inch) sheet of
aireraft sluminurn and/or of sluminum sheets sandwiching another materal, such
as for example, 2 honeycomb material to provide stifiness and/or structural
sirength. The panel 20 of the container depicied in Fig. 2A may be formed of
fabric {e.g., & ﬁigh temperaiurewrasis‘ramiiabr%c such as, for example, fiberglass
cloth).

[031] The interior of the container 10 may include a fayer (e.g.; a coating)
of intumescent material. For example, interior surfaces of the floor 12, roof 14,
walls 16, and/or panei(s) 20 may inciuc}a g coating of intumescent material that at
least partially covers the fioor 12, roof 14, walls 16, andfor panel(s) 20, For
| exampie, as depicied in Fig. 1B, the roof 14 and/or walls 16 méy inciude a layer of
| -gluminum or Lexan® 24, and the interior surfaces of the roof 14 andior the walls
16 may inciude a layer of intumescent material 26,

[032] Referring o the exemplary embodiment of panel 20 depicted in
~ig. 28, the panel 20 may be configured o roll up and may include a fabric layer
28 and an intlumescent layer 30, For exampie, the fabric layer 28 may‘ include
fibergiass cloth and the intumescent layer 30 may inciude an acrviic intumescent
coating, which may have more fiexibliity than an epoxy intumescent iayer.
Although strands included in an unireated fiberglass cloth tend to separate when
flexed in service andior tend i be abrasive and wear and cut sach other when

fiexed, application of an acryiic intumescent coating may overcome such
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problems. This may be & result of the sirands bsing essenﬁaiiy encapsulated by
the agryiic intumescent coating, for example, which may tend fo prevent strand
separation and may render the strands un»abrasivé to one anothar.

[033] According to some embodiments, a system of containers may
include a container and one or more ralatively smalier containers, for example,
similar fo the exemplary embodiment depicted in Fig. 3. Refering to Fig. 3, for
example, a system of containers may include a container 10, which may contain a

- number of relatively smalier containers 32. The container 10 may be corigured,
for example, at least similatly o the exemplary embodiments depicted in Figs. 1A
and 2B, For example, the container 10 deplcted in Fig. 3 may include an interior
surface substantially covered wrth an intumescent material. One or more ofthe
relativaly smalief cantainers 32 may pe configurad o include interior surfaces that
ars at least partially (6.0, &t last substantially) covered with an intumesoent
material. According to some embodiments, the container 10 may not include
infumescent maiaar'zél, and one or more of the relatively smaller containers may
include intumescent maierial. Such a system of containers ‘may be used for i;he
fransport of objects ﬁmne fo ignite relatively sasily, such -as, for exampls, Lithium
batteries, which may be piacea within the relafively smalier cortainers 32, which,
in tuin, may be placed in the container 10.

0341 It will be apparent to those skilled in the art that various
mbd%ﬁcaﬁons and variations can be made o the siructure and methodology
described herein. Thus, it should be understood that the invention is not fimited to
the subject matter discussed in the specification. Rather, the present invention is

intended to cover modifications and variations.
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WHAT IS CLAIMED |S:

1. A container for containing and/or suppressing a fire inside the container, the
container comprising:

a floor;

a roof;

at least one wall associating the floor and the roof, the at least one wall defining an
opening configured to provide access to the interior of the container; and

at least one panel configured to close the opening,
wherein at least one of the floor, the roof, the at ieast one wall, and the at ieast one panel
comprise an intumescent material substantially covering an interior surface thereof, such that a

fire inside the container is at least one of contained within the container and suppressed.

2. The container of claim 1, wherein the intumescent material substantially covers an

interior surface of the roof, the at least one wall, and the at least one panel.
3. The container of claim 1, wherein the roof and the at ieast one wall comprise at least
one material selected from aluminum, plastic material, composite material, polycarbonate

sheet, fiberglass, para-aramid synthetic fiber, polypropylene, and honeycomb panel.

4, The container of claim 1, wherein the at least one panel comprises at least one

material selected from metal and fiberglass.
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5. The container of claim 1, wherein the intumescent material comprises at least one of

an epoxy material and an acrylic material.

6. The container of claim 1, wherein the panel comprises fiberglass cloth and is

configured to roll up.

7. The container of claim 6, wherein the intumescent material substantially covers an

interior surface of the panel.

8. The container of claim 7, wherein the intumescent material comprises an acrylic

material.

9. A system of containers for suppressing and/or containing a fire inside at least one of
the containers, the system comprising:
a container comprising
a floor,
a roof,
at least one wall associating the floor and the roof, the at least one wall defining
an opening configured to provide access to the interior of the container, and
at least one panel configured to close the opening; and
at least one relatively smaller container contained within the container,
wherein at least one of the container and the at least one relatively smaller container
comprises an interior surface substantially covered with an intumescent material, such that a
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fire inside the container with the interior surface substantially covered with intumescent

material is at ieast one of contained within the container and suppressed.

10. The system of claim 9, wherein at least one of the floor, the roof, the at least one
wall, and the at least one panel comprise the intumescent material substantially covering an

interior surface thereof.

11. The system of claim @, wherein the at least one relatively smaller container

comprises an interior surface substantially covered with the intumescent material.

12. The system of claim 9, wherein the container and the at least one relatively smaller

container comprise interior surfaces substantially covered with the intumescent material.

13. A method for at least one of containing and suppressing a fire inside a container, the
method comprising:

providing a layer of intumescent material on at least one interior surface of the
container, wherein the layer of intumescent material protects the interior of the container from

fire inside the container.

14. The method of claim 13, wherein the container comprises a roof, at least one wall
defining an opening, and at least one panel closing the opening, wherein the method comprises
providing the layer of intumescent material on an interior surface of at least one of the roof,

the at least one wall, and the at least one panel.
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15. The method of claim 13, further comprising placing the container within a relatively
larger container, the relatively larger container comprising an interior surface substantially

covered with an intumescent material.

16. The container of claim 1, wherein the at least one wall is formed of a sheet of
material partially defining the interior surface of the container, and wherein the interior surface
is at least partially coated with the intumescent material, such that the intumescent material is

exposed to the fire inside the container.

17. The system of containers of claim 9, wherein the at least one wall is formed of a
sheet of material partially defining the interior surface of the container, and wherein the
interior surface is at least partially coated with the intumescent material, such that the

intumescent material is exposed to the fire inside the container.

18. The method of claim 13, wherein the container comprises a wall formed of a sheet
of material partially defining the interior surface of the container, and wherein providing a layer
of intumescent material on at least one interior surface of the container comprises at least
partially coating the sheet of material with the intumescent material, such that the intumescent

material is exposed to the fire inside the container
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CONTAINER AND METHOD FOR CONTAINING AND/OR SUPPRESSING A FIRE

ABSTRACT

A container for containing and/or suppressing a fire may include a floor, a roof, and at
least one wall associating the floor and the roof. The at least one wall may define an
opening configured to provide access to the interior of the container. The container
may further include at least one panel configured {o close the opening. Af least one
of the floor, the roof, the at least one wall, and the at least one panel may include an

intumescent material substantially covering an interior surface thersof.

Fig. 1A
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